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Abstract 
 
It was found that the distribution and metabolism of many biologically active compounds in the 
body whether vitamins, drugs or natural products are correlated with their affinities toward 
serum albumin. Thus, studying the interaction of such molecules with albumin is an imperative 
and fundamental importance. Extensive studies of different aspects of  Retinol (Vitamin A1)–
HSA interactions are still in progress because of the clinical significance of the processes. In this 
study. the interaction between Retinol and HSA has been investigated using Ultraviolet and 
visible (Uv-vis) absorption spectrophotometry, fluorescence spectroscopy and Fourier Transform 
Infrared (FT-IR) spectroscopy: binding constant and the effects on the protein secondary 
structure have been confirmed. 
The values of the binding constants for Retinol (vitamin A1) : HSA mixtures by using Ultraviolet 
and visible (Uv-vis) absorption spectrophotometry and fluorescence spectroscopy are calculated 
at room temperature (293K) found to be: (1.7176×10
2
 M
-1
) and (1.32×10
2
 M
-1
) , respectively, In 
addition, the Stern-Volmer constant and quenching rate constant  are calculated (1.885 * 10
2
 L. 
M
-1
)and (1.885*10
10
 L Mol
-1
 s
-1
) , respectively. From UV-VIS absorption spectrophotometry 
which showed an increase in the absorption intensity with increasing the molecular ratios of 
Retinol(concentration) to HSA, while the concentration of the protein (HSA) remained constant. 
Using the fluorescence spectroscopy, the intensity of radiation emitted by Retinol (vitamin A1)  
reaction with HSA decreased by increasing the concentration of Retinol (vitamin A1) and while 
the concentration of the protein (HSA) remained constant .this increase in the intensity of  the 
emitted radiation indicates retinol (vitamin A1) has a strong ability to increased or  raise the self-
emitting radiation of the human blood protein (HSA) through the mechanism (static quenching). 
Using  FT-IR spectroscopy with Fourier self- deconvolution technique and second derivative 
resolution enhancement procedures and curve fitting technique were applied in the analysis of the 
amide I,II, and III regions to determine the protein secondary structure and retinol (vitamin A1) 
binding mechanism with blood protein (HSA)  , It has been observed that with the increase of 
retinol (vitamin A1) concentrations to the blood protein (HSA) , absorption  bands decreases. All 
peaks positions in the three amide regions (amid I, amide II and amide III) were identified at 
various ratios of retinol (vitamin A1) compared to human blood protein (HSA).In addition, The 
FTIR spectra measurements indicate a change in the intensity of absorption bands is due to 
change in the concentrations of retinol. and larger intensities decrease in the absorption band of 
α-helix relative to that of β-sheets has been observed. This variation in intensity is related 
indirectly to the formation of H-bonding in the complex molecules, which accounts for the 
different intrinsic propensities of α-helix and β-sheets. 
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Chapter One 
Introduction 
 
Of all the molecules encountered in living organisms, proteins are the most abundant and diverse from a 
functional point of view. From the hormones and enzymes that control metabolism, the framework 
forming collagen in bones, the contractile proteins in muscles, to the haemoglobin and albumin in the 
bloodstream and immunoglobulins fighting infections, almost every life process relies on this class of 
molecules (Beharka, A., et al., 1997). 
Albumin is the most abundant protein in the vertebrates‟ organisms (up to 40 mg/ml) and the most 
prominent plasma protein (about 60% of the total protein content of plasma) (Norman. A.W., et al. 2004). 
It is one of the first discovered and most intensely studied proteins ( Tushar,K.M., et al. 2008). . 
The investigation of the binding amplitude and mechanism of interaction of small molecules with serum 
albumins is crucial for the understanding of drug pharmacodynamics and pharmacokinetics, as the nature 
and strength of that interaction has a great influence on drug absorption, distribution, metabolism and 
excretion (Ouameur,A., et al. 2004; Ji-Sook, Ha.A., et al. 2006; Abu Teir, M., et al. 2010; Abu Teir, M. 
M., et al. 2014; Darwish, S. M., et al. 2010).  
This research is concerned with using spectroscopic techniques such as Fourier Transform Infrared 
Spectroscopy (FTIR), UV-Vis spectroscopy, Fluorescence spectroscopy to investigate the effect of 
Retinol on Human serum albumin(HSA). 
Human serum albumin (HSA) is the most abundant protein in blood plasma and is able to bind and 
thereby transport various compounds such as fatty acids, hormones, bilirubin, tryptophan, steroids, metal 
ions, therapeutic agents and a large number of drugs. HSA serves as the major soluble protein constituent 
of the circulatory system, it contributes to colloid osmotic blood pressure, it can bind and carry drugs 
which are poorly soluble in water (Abu Teir, M., et al. 2010). It is a globular protein consisting of a single 
peptide chain of 585 amino acids. This protein composed of three structurally similar domains (labeled as 
I, II, III) (Cui,A., et al. 2008; Kang, J., et al. 2004; Rondeau, P.A., et al. 2007; Abu Teir, M., et al. 2010). 
Each containing two sub domains (A & B) having six and four α-helices, respectively. See Figure (1.4). 
 
Figure ‎1.1 : Chemical structure of human serum albumin (Abou-Zied,  K.,  et al.  2009). 
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Retinol, also known as Vitamin A1, is a vitamin found in food and used as a dietary supplement. As a 
supplement it is used to treat and prevent vitamin A deficiency, especially that which is resulting in 
xerophthalmia. In areas where deficiency is common a single large dose is recommended to those at high 
risk a couple of times a year. It is also used to prevent further issues in those who have measles. It is used 
by mouth or injection into a muscle (Bates, CJ. et al. 1995).  
Retinol at normal doses is well tolerated. High doses may result in an enlarged liver, dry skin, or 
hypervitaminosis A. High doses during pregnancy may result in harm to the baby. Retinol is in the 
vitamin A family. It or other forms of vitamin A are needed for eye sight, maintenance of the skin, and 
human development. It is converted in the body to retinal and retinoic acid through which it acts. Dietary 
sources include fish, dairy products, and meat (Smith, FR, Goodman, DS. 1976). 
The first spectroscopic technique that is used in the process is FTIR which is used in order to investigate 
the conformational changes on the secondary structure of HSA upon the addition of different 
concentrations of Retinol on it.  
Investigation of structural changes includes changes in peak positions and changes in the relative 
intensities of the secondary structural elements are performed. Also the effect of temperature on HSA -
free,  HSA - Retinol complex are examined. 
UV-absorption spectroscopy is the second spectroscopic technique that is used to investigate the strength 
of interaction between HSA with Retinol. The binding constant between the ligands and HSA will be 
determined. 
Fluorescence spectroscopy was used to confirm the calculation of binding constants as an indication of 
the strength of interaction. The Stern- Volmer quenching constants for Retinol interaction with HSA will 
also be calculated. 
The first chapter is an introduction. It contains the purpose and the importance of this work. It also gives 
information about each chapter in this thesis. 
In the second chapter of this thesis, the physical background and theoretical considerations of 
spectroscopy will be discussed, then a brief introduction to spectroscopic technique used in this research 
will be given. A brief introduction to proteins, their structural levels, and protein misfolding are given , 
then information about materials being used (Retinol, HSA) are given. 
In chapter three the experimental part of the study is discussed in details. Sample preparation from the 
moment of taking the solid protein sample to the moment of inserting the sample inside FTIR equipment 
is explained. A brief discussion of the instruments is given, and then the experimental procedure followed 
in taking the needed data is mentioned. 
In chapter four results are analyzed and discussed. The UV-absorption spectroscopy results are plotted 
and used to calculate the binding constant between HSA and Retinol. The absorption spectra of HSA with 
different concentrations of Retinol are shown. 
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A plot of the fluorescence emission spectra of HSA in the absence and presence of Retinol are shown. 
The binding constant, Stern-Volmer quenching constants and the quenching rate constant of the bio-
molecule will be calculated. 
FTIR shows Changes in amide I and e II peaks positions for HSA with different concentrations of Retinol 
are investigated, also changes in the intensity of the component bands of the secondary structure as a 
result of   concentrations of Retinol have been shown. The effect of changing temperature on the peak 
positions and on the intensity of β-sheet bands for HSA free, HSA - Retinol complex have been 
examined. 
The last chapter contains the conclusion and recommends future work that can be done in this field. 
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Chapter two 
Theoretical Background 
 
Biophysics is an interdisciplinary science that applies the approaches and methods of physics to 
study biological systems. Biophysics covers all scales of biological organization, from molecular 
to organismic and populations. Biophysical research shares significant overlap with 
biochemistry, physical chemistry, nanotechnology, bioengineering, computational biology, 
biomechanics and systems biology. Biophysics contributes to the development of medical 
imaging technologies including magnetic resonance image (MRI), computer assisted tomography 
scanning (CAT), PET scans, Fourier transform (FT-IR), UV-VIS and fluorescence 
spectrophotometers. Advanced biophysical research instruments are the daily workhorses of drug 
development in the world's pharmaceutical and biotechnology industries. Spectrophotometers are 
powerful tools for studying biological samples such as proteins(Ouameur, A., et al. 2004; Ji-
Sook, Ha.A., et al. 2006; Abu Teir, M. M., et al. 2014; Darwish, S. M., et al. 2010) . 
This chapter will cover theoretical aspects of this work, the first two sections will include a short 
historical background on the development of FT-IR spectroscopy and electromagnetic spectrum, 
next section will cover briefly molecular vibrations, the following three sections discuss the 
spectroscopic approaches used in this work; FT-IR, UV-VIS, and fluorescence 
spectrophotometers.  Final section will include protein structure and the protein model that have 
been used in this work which is "Human Serum Albumin (HSA)"and Retinol (Vitamin A1). 
 
2.1 Electromagnetic waves (EMW) 
Electromagnetic waves (EMW) are transverse oscillating waves composed of electric 
and magnetic fields perpendicular to each other and perpendicular to the direction of 
propagation. EMW propagate as a sine or cosine waves at the speed of light in vacuum 
(Stuart, B. 2004). 
 The electromagnetic spectrum consists of radio waves, microwaves, infrared radiation, 
visible light, ultraviolet radiation, X-rays and gamma rays as show in (Figure 2.1). 
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Figure 2.1: The electromagnetic spectrum (Sharma, B.K. 2007, Ball, D.W. 2001). 
Wavelength (λ) is inversely proportional to frequency(ν) and it is governed by the relation: 
 λ =  
 
 
                                                                                                                               (1)                                                                                                                                        
Where c is speed of light and   is the frequency. 
Electromagnetic radiation is composed of multiple electromagnetic waves or photons, which 
Carry energy, momentum and angular momentum. 
The energy of each photon is given by Planck–Einstein equation: 
E  =h   = h 
 
 
                                                                                                                  (2) 
Where E is the energy, h is Planck's constant, ν is frequency, and λ is wavelength (Pavis, D. et al 
2008, Yadav, L.D. 2005, Williams, D. 1976, Ball, D.W. 2001). 
The atomic spectra arise from the transition of electron between atomic energy levels, while 
molecular spectra arise from three types of energy transitions due to molecular rotation, 
molecular vibrational, and electronic transition. According to Born Oppenheimer approximation, 
the total energy of the molecule is given by  : 
 Etotal = Erot + Evib + E℮ɭ                                                                                                (3) 
Where: Erot: is rotational energy due to the molecule rotation about the axis passing the center of 
gravity for the molecule. 
Evib: is vibrational energy due to the periodic displacement of atoms around their equilibrium 
Positions. 
E℮ɭ  : is related to the energy of the molecule's electrons (Sharma, B.K. 2007). 
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When radiation falls on a sample it may be absorbed, this occur when the energy of radiation 
matches the difference in energy levels of the sample, otherwise it may be either transmitted or 
scattered by the sample. A simplified representation of the quantized electronic and vibrational 
states is represented in (Fig 2.2). It is clear that transitions between electronic energy states 
require more energy than transitions between vibrational energy states (Hollas, J. 2004, Turro, 
N.J. 1991, Ball, D.W. 2001). 
 
IR radiation does not have enough energy to induce electronic transitions as seen with UV and 
visible light. Absorption of IR is appropriate to excite vibrational and rotational states of a 
molecule as shown in (Fig 2.1) 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2: A schematic representation of the quantized electronic and vibrational energy levels of a molecule. 
 
Intensity of the light absorbed to produce a given transition is given by Beer-Lambert law: 
 
  
 =      ɭ                                                                                                                   (4)       
 In which I and I0 are the intensity of light transmitted through the absorber and incident upon it 
respectively, ε: is the molar absorption coefficient or (molar extinction coefficient), c: is the 
concentration of absorbing molecule in the sample, and ɭ  : is the length of the light path in the 
sample. The above equation can be represented in logarithmic form:  
A=      (
 
  
)   ε(v)c ɭ                                                                                                  (5) 
Where A is called Absorbance (Hollas, J. 2004, Schulman, S.G. 1977). A setup for an absorption 
instrument is shown in (Fig 2.3). 
 
Figure 2.3: A setup of an absorption measurement 
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2.2 Vibrational spectroscopy 
 
Infrared spectroscopy provides measurements of molecular vibrations due to the specific 
absorption of infrared radiation by chemical bonds (Narhi,  L.O.  2013). The energy at which 
peak in absorption spectrum appears corresponds to a frequency of vibration of a part of a 
sample molecule. As the starting point for introducing the concept of harmonic vibrations, it is 
instructive to consider molecules as an array of point masses that are connected with each other 
by mass-less springs representing the intra-molecular interactions between the atoms (Wilson, E., 
et al. 1955).  
The simplest case is given by two masses, mA and mB, corresponding to diatomic molecule A-B 
upon displacement of the spheres along the x-axis from equilibrium position by Δ x , a restoring 
force Fx acts on the spheres, which according to Hooke‟s law, is given by 
 Fx= -ƒΔx                                                                                                                        (6) 
Here ƒ is the spring or force constant, which is a measure of the rigidity of the spring, that is, the 
strength of the bond (Hildebrandt,  P., et  al. 2008). 
 The potential energy V depends on the square of the displacement from the equilibrium position, 
   V= 
 
 
 ƒ Δx2                                                                                                                    (7) 
As when spring (bond) is stretching it will affect the equilibrium distance (bond length) so 
potential energy will be affected. 
The kinetic energy T of the oscillating motion is: 
 T = 
 
 
  μ(Δx`)2                                                                                                                (8) 
Where μ is the reduced mass defined by: 
 μ=(𝑚𝐴 .𝑚𝐵)/(𝑚A+𝑚B)                                                                                              (9)  
Because of the conservation of energy, the sum of V and T must be constant such that the sum of 
the first derivatives of V and T is equal to zero. This leads eventually to the Newton equation of 
motion: 
 
    
  
 + 
 
 
                                                                                                           (10) 
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This equation represents the differential equation for a harmonic motion. Solving this equation 
leads to: 
   √
 
 
                                                                                                                         (11) 
The above equation describes what one intuitively expects that the circular frequency of the 
harmonic vibration increases when rigidity of the spring (or the strength of the bond) increases 
but decreases with increasing masses of the atoms (spheres). In order to express the circular 
frequency in wave-numbers (in cm
-1
) can be divided by 2𝜋c , 
v= 
 
 
 π c√
 
 
                                                                                                                  (12) 
 
 
Figure 2.4: Diatomic molecule as a mass on a spring (bwtek.com). 
 
2.2.1 Normal modes of vibrations  
The normal modes of a system are the vibrational motions of the system, such that each 
coordinate of the system oscillates under simple harmonic motion with the same frequency 
(Rosman,  B.  2008). In Cartesian coordinate system, each atom can be displaced in the x-,y- and 
z-directions, corresponding to three degrees of freedom. Thus, a molecule of N atoms has in total 
3N degrees of freedom, but not all of them correspond to vibrational degrees of freedom. It can 
be seen easily that a nonlinear molecule (where the atoms are not located in straight line) has 
three rotational degrees of freedom, whereas there are only two for a linear molecule. The 
remaining 3N-6 and 3N-5 degrees of freedom correspond to the vibrations of a nonlinear and a 
linear molecule, respectively (Hildebrandt,  P., et al. 2008). 
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Table 2.1: Degrees of freedom for polyatomic molecules (Stuart, B. 1997). 
 
Stretching and bending are two types of molecular vibrations correspond to the normal mode of 
molecule. Stretching is rhythmical movement along the bond axis and can be symmetric or anti-
symmetric. Bending vibrations arise from a change in bond angle between two atoms or 
movement of a group of atoms, relative to the reminder of the molecule (Mirabeela, F.M. (ED). 
1998). The frequency of normal modes is a characteristic of the presence of certain functional 
group by examination of this frequency one can determine which functional groups are present 
or absent (Shernan, M . 2014). Many of the group frequencies vary over a wide range because 
the bands arise from complex interacting vibrations within the molecule. Absorption bands may, 
however, represent predominantly a single vibrational mode. Certain absorption bands, for 
example, those arising from C-H, O-H, and C=O stretching modes, remain within fairly narrow 
regions of the spectrum. 
 
2.2.2 Quantum mechanical treatment of vibrations 
 I. The harmonic oscillator approximation treats a diatomic as if the nuclei were held together 
by a spring. The potential energy of classical harmonic oscillator depends upon the square of the 
displacement from equilibrium and the strength of the spring. All values of energy are allowed 
classically. The quantum mechanical solution to the harmonic oscillator equation of motion 
predicts that only certain energies are allowed, (Griffith, P. & Haseth, J. 2007). 
 
 Ev= 
 
  
 √
 
 
 (v+
 
 
)                                                                                                     (13) 
The potential energy for diatomic molecule for harmonic oscillator approximation is shown 
below in figure 2.5. 
 
12 
 
II. The an-harmonic oscillator  
Real molecules do not obey exactly the simple harmonic motion, real bonds do not follow hooks 
law they are not so elastic. If for example a bond stretches of 60% of its real length then a 
molecular complicated situation should be assumed. 
The Morse curve, for a molecule undergoing on harmonic extensional compression a purely 
empirical expression which fits this curve to good approximation was derived by P. Morse and is 
called the Morse function (Morse, P. M. 1929) : 
 E= Deq [1-exp(a(req-r))]
2
                                                                                     (14) 
a= constant for a particular molecule.  
Deq= the dissociation energy. 
When it is treated using Schrodinger equation and using  E = 
 
 
 𝑓 (𝑟−𝑟eq) 
2
 then the pattern of the 
allowed vibration energy levels are found to be 
  Ev= (v+
 
 
)ŵe - (v+ 
 
 
 )2 we xe    cm
-1
    v=0,1,2,…….                                     (15) 
Where we is an oscillating frequency and ŵe is the oscillation frequency in wave number. Xe is 
the corresponding an-harmonicity constant which is positive and small for bond stretching 
≈(+0.01) this means that the vibration levels crowded more closely with increasing v ( Banwell, 
C. N 1972). 
 
 
 
 
 
 
 
 
 
Figure 2.5: potential energy of a diatomic molecule as a function of atomic displacement (inter-nuclear separation) during 
vibration. The Morse potential (blue) and harmonic oscillator potential (green) (Morse, P. M. 1929;Wikipedia: Vibronic 
spectroscopy). 
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2.3 Spectroscopy 
 
Spectroscopy is experimental techniques deal with absorption, emission, or scattering of 
electromagnetic radiation by atoms or molecules, it deals with interaction between EM radiation and 
matter (Hollas, J. 2004).  
 
An incident photon that can induce transition between rotational levels of a molecule is found in the 
microwave region, while the transition between vibrational levels is induced by a photon in the 
infrared region, electronic transitions in atoms or molecules give radiation in the visible and UV 
(Ultraviolet) region (Sharma, B.K. 2007). 
 
2.3.1. Infrared spectroscopy: 
Infrared spectroscopy is a technique based on the absorption of infrared radiation by molecules, when 
molecules absorb infrared radiation they will be excited to a higher vibrational energy states. This 
absorption of infrared radiation process is quantized as a molecule absorbs only selected frequencies 
of infrared radiation (Pavis, D. et al 2008). 
Sometimes radiation have a frequency that matches the natural vibrational frequencies of the bonds 
in the molecule but the bonds are not capable of absorbing it, the reason is that for bonds to be 
capable of absorbing infrared radiation it must possess a dipole moment that changes as a function of 
time at the same frequency as the incoming radiation, an example of infrared inactive molecule is 
homo-nuclear diatomic molecule because it‟s dipole moment remain zero (Stuart, B.  2004, Rosman, 
B. 2008). 
 
Infrared radiation is an electromagnetic radiation lies between visible light and microwave region. It 
is divided into three sub regions, near, far, and mid infrared region. 
Near infrared region is assumed to lie between ( 0.78 - 3μm) or (12820 – 4000 cm-1), mid infrared 
region lies between (3-30 μm) or (4000-400 cm-1), and far infrared region between (30-300 μm) or 
(400 - 33 cm-1) (Griffith, P. & Haseth, J. 2007). 
 
The presence of hydrogen bonding is of great importance in infrared spectroscopy, it is defined as the 
attraction that occurs between a highly electronegative atom carrying a non-bonded electron pair 
(such as fluorine, oxygen or nitrogen) and a hydrogen atom, itself bonded to a small highly 
electronegative atom as shown in (Fig 2.6). 
 
 
 
 
 
Figure 2.6: Intermolecular hydrogen bonding in a protein (dashed line). 
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The hydrogen bonding influences the bond stiffness and so alters the frequency of vibration. For 
example, for a hydrogen bond in an alcohol, the O–H stretching vibration in a hydrogen bonded 
dimer is observed in the 3500–2500 cm−1 range, rather than in the usual 3700–3600 cm−1 range as 
shown in (Fig 2.7), (Stuart, B. 2004, Griffith, P. & Haseth, J. 2007). 
 
 
 
 
 
 
 
Figure 2.7: Effect of hydrogen bonding on an O–H stretching vibration (Stuart, B. 2004). 
 
2.3.2. Fourier transforms infrared spectroscopy (FTIR): 
 
When a sample is exposed to infrared radiation some of this radiation will be absorbed and some will 
pass through the sample (transmitted). The resulting spectrum shows the molecular absorption or 
transmission and creates a molecular fingerprint of the sample as shown in (Fig 2.8). No two 
molecular structures produce the same spectrum, and this make FTIR useful in studying several types 
of molecules (Aruldhas, G. 2007; Griffith, P. & Haseth, J. 2007). 
 
 
 
 
 
 
 
 
Figure 2.8: Incident and transmitted IR-radiation upon passing through a sample. 
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Organic molecules can absorb IR radiation between 4000 cm-1 and 400 cm-1 which corresponds to 
absorption of energy between 1.24meV-1.7eV. This amount of energy initiates transitions between 
vibrational states of bonds contained within the molecule (Buxbaum,  E. 2011). 
 
Transitions between vibrational energy levels follow the same equation as for a classical harmonic 
oscillator: 
 ῠ =  
 
   
 √
  
 
                                                                                                                         (16) 
Where ῠ : is wave number in cm-1 
            κ : is the force constant. 
           μ  : is the reduced mass of the system, which is given by: 
  μ = 
    
     
                                                                                               (17)   
From the above equations it can be noticed that as the value of force constant (k) increases the 
vibrational frequency and so the energy will increase, and energy will decrease when the masses 
increase.     
 
The design of optical pathway produce a pattern called interferogram , FTIR uses an interferometer 
to process the energy that passes through the sample. In the interferometer the infrared source energy 
passes through a beam splitter; a mirror placed at angel 450 to the incoming radiation; that divides the 
beam into two perpendicular beams. As shown in the schematic diagram in (Fig.2.9). The deflected 
beam goes to a fixed mirror and is then returned to the beam splitter. The un-deflected light beam 
goes to a movable mirror and return back to the beam splitter, the path length of the second beam 
varies as a result of mirror motion. The two beams then recombine when they meet at the beam 
splitter forming a destructive or constructive interference as a result of path length difference 
between the two beams, and so the merged beams will cover a wide range of wavelengths. For a 
single IR frequency, when the two arms of the interferometer are of equal length, the two split beams 
travel through the exact same path length and are totally in phase with each other, thus they interfere 
constructively and lead to a maximum in the detector response. This position of the moving mirror is 
called the point of zero path difference (ZPD). When the moving mirror travels in either direction by 
the distance (λ/4), the optical path (beamsplitter– mirror–beamsplitter) is changed by 2 (λ/4), or (λ/2). 
The two beams are 180° out of phase with each other, and thus interfere destructively. As the moving 
mirror travels another (λ/4), the optical path difference is now 2 (λ/2), or (λ). The two beams are 
again in phase with each other and result in another constructive interference. When the mirror is 
moved at a constant velocity, the intensity of radiation reaching the detector varies in a sinusoidal 
manner to produce the interferogram output, the interferogram is a record of the interference signal, 
and it is a time domain spectrum (a plot of intensity of radiation versus time). Then a mathematical 
operation “Fourier Transform” will convert the interferogram to the final IR spectrum which is a 
frequency domain that is a plot of intensity versus frequency (Aruldhas, G. 2007; Griffith, P. & 
Haseth, J. 2007; Rosman, B. 2008). 
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Figure 2.9: Michelson interferometer (scienceworld.wolfram.com). 
 
The Fourier transform pairs are mathematical relations used in transformation from time domain 
spectrum (the changes in the radiant power ƒ(t) is recorded as a function of  t ) into frequency 
domain spectrum (which records the radiant power Ԍ (ω) a function of t ) and vice versa, these two 
equations are: 
 
 
G(ω)  = 
 
√  
∫ 𝑓   
 
  
                                                                                      (18) 
 
  f(t)  = 
 
√  
∫     
 
  
                                                                                      (19) 
 
Where ω is the natural angular frequency (Stuart, B. 2004; G. Aruldhas, G. 2007).  
 
The transformed interferogram is then oriented toward the sample, the sample absorbs all the 
frequencies that match its natural vibrations. The remaining spectrum then reaches the detector 
(Pavis, D. et al 2008; Smith, B.C. 2011). The layout and components of FTIR are shown in (Fig 
2.10). 
 
 
Figure 2.10: the layout and the main components of FTIR. 
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2.3.2.1 Amide bands: 
 
There are nine infrared absorption bands for a polypeptide or a protein which are: amide A, B, and I-
VII. The amide I and II bands are the two most prominent vibrational bands of the protein backbone. 
The most sensitive spectral region for the protein secondary structure is the amide I band (1700-1600 
cm-1), which is due almost entirely to the C=O stretching vibrations. The amide II is mainly from the 
in-plane NH bending vibration and from CN stretching vibrations. Other amide vibrational bands are 
very complex depending on the details of the force field, the nature of side chains, and hydrogen 
bonding. So it is rarely used in the studying of protein structure. All characteristic amide bands are 
shown in (Table 2.2) (Kong, J., & Yu,S.  2007; Smith, B.C. 2011; Rosman, B. 2008). 
 
 
Table 2.2: Characteristic amide bands of peptide linkage (Kong, J., & Yu,S.2007, Smith, B.C. 2011). 
 
 
 
In amide I region (1700-1600 cm-1), molecular geometry and hydrogen bonding pattern will give rise 
to different C=O stretching vibration. The amide I band contour consists of overlapping component 
bands (α-helix, parallel β-pleated sheet, anti-parallel β-pleated sheet, random coils, and β-
turns).characteristic software is used to assign each component band (Kong, J., & Yu, S. 2007). 
 
 Deuterium oxide (D2O) is employed in infrared studies more than water (H2O) since water absorbs 
strongly in the spectral region that overlap with amide I band and therefore it can affect the spectra, 
on the other hand D2O has relatively low absorbance in the region between 1400-1800 cm-1(Bai, Y., 
& Nussinov, R. 2007).  
 
Some proteins frequencies and the assigned secondary structural element in amide I band when 
employing H2O or D2O are shown in (Table 2.3) 
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Table 2.3: Deconvoluted amide I band frequencies and assignments to secondary structure for protein in D2O and H2O media 
(Kong, J., & Yu, S. 2007). 
 
 
 
 
2.3.3. Ultraviolet-Visible Spectroscopy (UV-vis): 
 
UV-Vis spectrum results from interaction between electromagnetic radiation in the UV-Vis region 
and molecules, the absorption of radiation in this region depends on the electronic structure of the 
absorbing species, when the incident photon energy matches the difference in the energy of these 
electronic levels (Sharma, B.K. 2007). 
 
To obtain UV-Vis Spectrum the sample is irradiated with electromagnetic radiation varied over a 
range of wavelengths in the UV or visible regions. A monochromatic radiation is employed at a time; 
the intensity of radiation absorbed at each wavelength is plotted against wavelength to obtain the 
spectrum.  
 
The characteristics of UV-Vis spectrum depend on the structure and concentration of the 
absorbing species in solution (Kalsi, P.S. 2004).  
 
The wavelength of the radiation that will be absorbed by organic molecule is determined by the 
difference in energy between ground state and the various excited electronic states of the molecule. 
Atoms in organic molecules are bonded through σ and π bonds, and the possible transitions between 
them is shown in (Fig. 2.11), as a rule the transition occur from HOMO (Highest Occupied 
Molecular Orbital) to LUMO (Lowest Unoccupied Molecular Orbital). Of all the six transitions 
shown in (Fig 2.11), only the two of lowest energy ( n → π*  and  π →  π* ) can be achieved with 
radiation available in the range 200-650 nm which corresponds to UV-vis region (Yadav, L.D.  2005, 
Kalsi, P.S. 2004; Raaman, N. 2006). 
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Figure 2.11: Generalized molecular orbital energy level diagram and possible transitions for organic compounds (Yadav, L.D.  
2005, Raaman, N. 2006). 
 
 
The π →  π* transitions are generally intense while n → π*  transitions are weak, so only molecules 
that have π bonds and atoms with non-bonding electrons absorb light in the range 200-700nm and it 
is called chromophores. A list of some chromopheric bonds and their absorption characteristics are 
given in (Table 2.4), and absorption ranges for various electronic transitions are shown in (Fig 2.12) 
(Kalsi, P.S.  2004). 
 
 
 
Figure 2.12: Absorption ranges for various electronic transitions. 
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Table 2.4: Absorption characteristics of some common chromophoric groups (Kalsi, P.S., 2004). 
 
 
 
2.3.4  Fluorescence: 
 
Luminescence is the emission of light from atoms when it is electronically exited. It is divided into 
two categories fluorescence and phosphorescence. 
 
At room temperature most of the electrons occupy the lowest vibrational level of the ground 
electronic state (S0) , and when they absorb light they produce exited states, the transitions to the first 
and the second excited states (S1, S2 respectively) are shown in (Fig. 2.13) (Schulman, S.G. 1977). 
 
When a molecule absorbs energy, it reaches a higher vibrational level of the excited state, if it 
maintains its spin, it is a singlet state (S) while if its spin i changed it is a triplet state (T), the excited 
molecule then rapidly loses its excess of vibrational energy and falls to the lowest vibrational level of 
the excited state. Returning from singlet state to the ground state is fast while returning from triplet 
state requires spin reversal and so is slower and less likely to occur. As shown in (Fig. 2.13) there are 
sub states associated with each singlet or triplet states they are caused by vibration and rotation of the 
molecule. 
 
21 
 
 If the energy of the sub-states of the ground state and those of the excited state overlap, direct return 
of the electron to the ground state is possible by internal conversion, the energy difference is 
converted to molecular vibration, that is, heat. If the energy of the sub-states of the ground state and 
those of the excited state do not overlap, then direct returning to the ground state is impossible, 
instead the electron first falls to S1 via internal conversion, and from there it returns to S0 by emission 
of light as shown in (Fig. 2.13), the energy difference between S2 and S1 is lost as molecular vibration 
(heat), and thus the light emitted will have less energy and so longer wave length than that absorbed 
this phenomena is called fluorescence (Lakowicz, J.R. 2002; Sharma, B.K. 2007; Buxbaum, E. 
2011). Fluorescence usually occurs from fluorescent substances such as aromatic molecules called 
fluorophores. Fluorophores are divided into two main classes: intrinsic fluorophores which occur 
naturally such as amino acids (aromatic amino acids Tryptophan, tyrosine, and phenylalanine), and 
extrinsic fluorophores which are added to the sample to provide fluorescence when it does not exist 
or to change the spectral properties of the sample (Lakowicz, J.R., 2006). 
 
 
 
 
2.3.5.Fluorescence Quenching:  
 
Fluorescence quenching can be defined as a bimolecular process that reduces the fluorescence 
intensity without changing the fluorescence emission spectrum; it can result from transient 
excited-state interactions (collisional quenching) or from formation of non-fluorescent ground-
state species. 
 
For collisional quenching the decrease in intensity is described by the well-known Stern-Volmer 
equation: 
 
  
 
                                                                                                             (20) 
 
Where: K is the Stern-Volmer quenching constant, 𝑘𝑞 is the bimolecular quenching constant, τ is 
the unquenched lifetime, and [L] is the quencher concentration.  
 
The Stern-Volmer quenching constant K indicates the sensitivity of the fluorophore to a 
quencher. A fluorophore buried in a macromolecule is usually inaccessible to water soluble 
quenchers, so that the value of K is low. Larger values of K are found if the fluorophore is free in 
solution or on the surface of a biomolecule.  
 
Fluorescence spectroscopy can be applied to a wide range of problems in the chemical and 
biological sciences. The measurements can provide information on a wide range of molecular 
processes, including the interactions of solvent molecules with fluorophores, conformational 
changes, and binding interactions (Lakowicz, J.R., 2006).  
 
The fluorescence of HSA results from the tryptophan, tyrosine, and phenylalanine residues. The 
intrinsic fluorescence of many proteins is mainly contributed by tryptophan alone, because 
phenylalanine has very low quantum yield and the fluorescence of tyrosine is almost totally 
quenched if it is ionized or near an amino group, a carboxyl group, or a tryptophan residue 
(Darwish, S. M., et al. 2010). The maximum value for the dynamic bimolecular quenching 
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constant is (2.0×10
10
M
−1
 s
−1
) (Litwack. G, & Axelord. J. 1970), and the fluorescence life time is 
about 10
–8
s, so if the quenching constant is larger than the maximum value so the quenching is 
static and the equation which is used is: 
 
      
 
    
 = 
 
      
 
 
  
                                                                                            (21) 
 
 
Where K is the binding constant of Retinol (Vitamin A1)  with HSA. When we plot 1/ (F0– F) 
Vs.1/ L we can find the value of the binding constant from the slope and the intercept (Brandt 
1999). 
 
 
2.4 Proteins 
 
Proteins are important organic chemical substances in our life and the major target of many types 
of medication in our body (Zhang, G., et al. 2008). Proteins are a particular type of biological 
molecules that can be found in every single living being on Earth. Proteins: are polymers 
consisting of amino acids linked by peptide bonds. Proteins perform a vast array of functions 
within living organisms, including catalyzing metabolic reactions, replicating DNA, responding 
to organisms, and transporting molecules from one location to another (Nelson DL, & Cox MM 
2005).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.13: Amino acid structure ( Nelson DL, & Cox MM 2005). 
 
 
Each amino acid consists of a central carbon atom (alpha-carbon), an amino group (NH2), and a 
carboxyl group (COOH) and a side chain. The differences in side chains distinguish different 
amino acids from each other (Colin, D. 2014). 
 
 
2.4.1 Protein Structure  
 
Protein chemical structure and molecular conformation are commonly described in terms of four 
levels of structure: Primary structure, Secondly structure, Tertiary structure and Quaternary 
structure.  
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1. Primary structure refers to a linear sequence of amino acids. It is sometimes called the 
"covalent structure" of proteins because most of the covalent bonding within proteins defines the 
primary structure (Gorga,  F.R. 2007).  
 
2. The secondary structure is the result of hydrogen bonds between the repeating constituents 
of the polypeptide backbone (not the amino acid side chains). Within the backbone, the oxygen 
atoms have a partial negative charge, and the hydrogen atoms attached to the nitrogen have a 
partial positive charge. Therefore, hydrogen bonds can form between these atoms. Individually, 
these hydrogen bonds are weak, but because they are repeated many times over a relatively long 
region of the polypeptide chain, they can support a particular shape for that part of the protein 
(Reece, J. B., et al 2011). 
 
The two most common secondary structure elements are alpha helices and beta sheets see figure 
(2.14) . 
 
Alpha Helix is the most common structural motif found in proteins; in globular proteins over 30 
percent of all residues are found in helices (Whitford, D. 2005). It is a cylindrical shape formed 
by a coiling of the polypeptide chain on itself with interactions take place between group's 3-4 
amino acid residues apart. (Hydrogen bonds between the hydrogen atoms attached to the amide 
nitrogen and the carbonyl oxygen atom). The first four NH groups and last four CO groups will 
normally lack backbone hydrogen bonds (Gropper, S. S., et al. 2009). 
 
 
 
 
Figure 2.14: Alpha Helix Protein (Gropper, S. S., et al. 2009). 
 
Beta Pleated Sheet: in this structure, the polypeptide chain is fully stretched out with the side 
chains positioned either up or down. The stretched polypeptide can fold back on itself with its 
segments packed together (Gropper, S. S., et al 2009). 
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Figure 2.15: Beta Pleated Sheet (Gropper, S. S., et al 2009). 
β strands can interact in either parallel or anti-parallel orientation, and each of the two forms has 
a distinctive pattern of hydrogen bonding. Figures (2.16 & 2.17) illustrate examples of anti-
parallel and parallel β sheets from real protein structures.  
The anti-parallel sheet has hydrogen bonds perpendicular to the strands, and narrowly spaced 
bond pairs alternate with widely spaced pairs. Looking from the N- to C-terminal direction along 
the strand, when the side chain points up the narrow pair of H bonds will point to the right. 
Parallel sheet has evenly spaced hydrogen bonds (Richardson,   J.S. 2007). 
 
Figure 2.16: Anti parallel Beta Pleated Sheet Protein 
(Richardson,   J.S. 2007). 
 
Figure 2.17: Parallel Beta Pleated Sheet 
Protein(Richardson,  J.S. 2007).
There are other secondary structure elements such as turns, coils, 310 helices etc. 
Tertiary structure describes the way in which the elements of protein secondary structure are 
arranged in space and Quaternary structure describes how several polypeptide chains come 
together to form a single functional protein (Cooper, A. 2004). 
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2.5 Human Serum Albumin ( HSA ).  
Human serum albumin HSA is an abundant plasma protein that binds a wide variety of 
hydrophobic ligands including fatty acids, bilirubin, thyroxin and hemin and also drugs (Carter, 
et al 1989). The most important physiological role for the protein is to bring such solutes into 
blood stream and then deliver them to the target organs, as well as to maintain the pH and 
osmotic pressure of plasma (Abu Teir, M., et al 2010; Abu Teir, M. M., et al 2014 ). HSA 
concentration in blood plasma is 40 mg/ml. The three dimensional structure of HSA was 
determined through x-ray crystallographic measurements (Carter, et al 1989). This globular 
protein is of Mw 65 K and consists of 585 amino acids. Its amino-acid sequence contains a total 
of 17 disulphide bridges, one free thiol (Cys 34), and a single tryptophan (Trp 214). The 
disulphide is positioned in a repeating series of nine loop-link loop structures centered on eight 
sequential Cys-Cys pairs. (Xiao-Min-He, et al 1992)  
It became evident from early heavy-atom derivative screens and from preliminary binding 
studies that the principal binding regions on HSA were located in sub-domains I, II and III each 
containing two subdomains (A&B) and stabilized by 17 disulfide bridges (Xiao-Min-He, et al 
1992; Ouameur,A., et al 2004). Aromatic and heterocyclic ligands were found to bind within two 
hydrophobic pockets in sub-domains IIA and IIIA, which are site I and site II. Site I is dominated 
by strong hydrophobic interaction with most neutral, bulky, heterocyclic compounds, while site 
II mainly dipole-dipole, van de Waals, and/or hydrogen-bonding interactions with many 
aromatic carboxylic acids (Ouameur,A.,  et al  2004). HSA contained a single tryptophan residue 
(Trp 214) in domain IIA and its intrinsic fluorescence is sensitive to the ligands bounded nearby 
(Krishnakumar, S.S., et al 2002). Therefore, it is often used as a probe to investigate the binding 
properties of drugs with HSA.  
It has been shown that the distribution free concentration and the metabolism of various drugs 
can be significantly altered as a result of their binding to HSA (Kang, J.,  et al  2004).The 
binding properties of albumin depend on the three dimensional structure of the binding sites, 
which are distributed over the molecule. Strong binding can decrease the concentrations of free 
drugs in plasma, whereas weak binding can lead to a short lifetime or poor distribution. Its 
remarkable capacity to bind a variety of drugs results in its prevailing role in drug 
pharmacokinetics and pharmacodynamics (Kandagal ,P.B., et al  2007). Multiple drug binding 
sites have been reported for HSA by several researchers (Bhattacharya, A., et al  2000).  
The distribution and metabolism of many biologically active compounds in our body whether 
drugs or natural products are correlated with their affinities toward serum albumin which is the 
most abundant protein carrier in our plasma. So the study of the interaction of such molecules for 
example Retinol (Vitamin A1)  with albumin is of a fundamental importance. Some 
investigations have been applied on Retinol -HSA interaction but none of them determined in 
details neither Retinol -HSA binding constant (k) nor the effect of Retinol complexes on the 
protein structure, as what have been studied in this research. Some investigations only indicated 
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that the interaction occurred and others used the equilibrium dialysis method to calculate the 
binding constant (k) (Ouameur, A.,  et al 2004) (IUPAC, 1997). 
 
2.6 Retinol (Vitamin A1) 
Vitamin A is essential throughout life as it is required in reproduction, embryonic and 
foetal development, vision, growth, differentiation and tissue maintenance (Sommer A. 
et al 2008; Bates, CJ. 1995). The term vitamin A covers the retinoids, a group of lipid-
soluble compounds which have similar physiological functions and metabolic 
activities: retinol, retinal (the aldehyde form), and retinoic acid. Retinol inter-converts 
between retinyl esters and retinal, while retinoic acid (which is not found in the diet) is 
an end product of retinol conversion. These substances have different actions: retinoic 
acid is required for the growth and differentiation of epithelial cells, whereas retinyl 
ester, retinol and retinal can all support cellular differentiation, reproduction and visual 
functions. Retinoic acid is the form of vitamin A for which a teratogenic effect on the 
foetus has been demonstrated and which acts as a hormone in many cells by regulating 
gene expression, thus controlling cell differentiation and maturation (lammer EJ, et al  
1985).  
 
Figure 2.18: Chemical structure of Retinol (vitamin A1) (Wikipedia: Retinol). 
 
Vitamin A nutrition is quite complex and needs to be considered in terms of its 
relationship with other vitamins. For example, vitamin A works cooperatively at the 
genetic level with vitamin D. Vitamin E is required for the conversion of -carotene to 
retinol (see below), while vitamin A absorption can be reduced by excess vitamin E 
consumption. In turn, excess dietary vitamin A can interfere with vitamin K absorption. 
The conclusion is that although supplementation with vitamin A may be appropriate in 
cases of proven deficiency, a vitamin-rich mixed diet is the best way to maintain 
optimum vitamin A status (Bates, CJ. 1995; Sommer A. et al, 2008).  
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Chapter Three  
Experimental part. 
 
This chapter consists of three sections; section one deal with samples, and film preparation. 
Section two describes the spectrometers used in this work,  which is  UV-VIS spectrophotometer 
(Nano Drop ND-1000),and  Fluorospectrometer (NanoDrop ND-3300), and Bruker IFS 66/S FT-
IR . The final section presents the experimental procedure in details. 
3.1 Samples and materials. 
 
HSA (fatty acid free), Retinol (Vitamin A1)were  purchased from Sigma Aldrich chemical 
company and used without further purifications. The data were  collected using samples in the 
form of thin films for FT-IR measurements and liquid form for UV-VIS. Preparations of the thin 
film samples required three stock solutions as described below: 
3.1.1 Preparation of HSA stock solution: 
HSA was dissolved in 25% ethanol in phosphate buffer Saline and at physiological (pH 6.9- 7.4), 
to a concentration of (80mg/ml), and used at final concentration of (40 mg/ml) in the final 
Retinol - HSA solution. 
 
3.1.2 Preparation of Retinol (Vitamin A1) stock solution: 
Retinol (Vitamin A1) with molecular weight of (286.459 g/mol), was dissolved in 25% ethanol in 
phosphate buffer Saline and, then the solution was placed in ultrasonic water path (SIBATA AU-
3T) for two days  to ensure that all the amount of Retinol was completely dissolved. 
3.1.3 HSA- Retinol (Vitamin A1) samples: 
HSA concentration was fixed at 40 mg.ml
-1
 in all samples. However, the concentration of retinol 
in the final HSA- Retinol solutions was decreased such that the molecular ratios (HSA: retinol) 
are 1:20, 1:10, 1:5, 1:2, and 1:1. All samples were made by mixing equal volume from HSA to 
equal volume from different concentration of retinol. 
 
3.1.4 Thin film preparations: 
Silicon windows (NICODOM Ltd) were used as spectroscopic cell windows. The optical 
transmission is high with little or no distortion of the transmitted signal. The 100% line of a 
NICODOM silicon window shows that the silicon bands in the mid- IR region do not exhibit 
total absorption and can be easily subtracted. 40 μl of each sample of HSA – Retinol was spread 
on a silicon widow and an incubator was used to evaporate the solvent, to obtain a transparent 
thin film on the silicon window. All solutions were prepared at the same time for one run at room 
temperature 25
0
c. The same procedure was followed for HSA- retinol films preparation. 
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3.2 Instruments 
Two instruments were used in studying the interaction of HSA with retinol. In this work 
the following instruments have been used in taking the measurements: 
 
3.2.1 FT-IR Spectrometer: 
The FT-IR measurements were obtained on a Bruker IFS 66/S spectrophotometer equipped with 
a liquid nitrogen-cooled MCT detector and a KBr beam splitter. The spectrometer was 
continuously purged with dry air during the measurements. 
 
3.2.2 UV-VIS spectrophotometer (Nano Drop ND-1000): 
 
The absorption spectra were obtained by the use of a Nano Drop ND-1000 spectrophotometer. It 
is used to measure the absorption spectrum of the samples in the range between 220-750nm, with 
high accuracy and reproducibility. 
 
3.2.3 Fluorospectrometer (Nano Drop 3300): 
 
The fluorescence measurements were performed by a Nano Drop ND-3300 
Fluorospectrophotometer at 25°C. the excitation source comes from one of three solid-state light 
emitting diodes ( LED's). The excitation source options include: UV LED with maximum 
excitation 365 nm, Blue LED with excitation 470 nm, and white LED from 500 to 650nm 
excitation. A 2048-element CCD array detector covering 400-750 nm, is connected by an optical 
fiber to the optical measurement surface. The excitation is done at the wavelength of 360 nm and 
the maximum emission wavelength is at 439 nm. Other equipment such as Digital balance, pH 
meter, Vortex, Plate stir…and Micropipettes were used (Nano Drop 3300 Fluorospectrometer 
V2.7 user's Manual 2008). 
 
 
3.3 Experimental procedures 
 
3.3.1 UV-VIS Spectrophotometer experimental procedures: 
 
Procedure of UV-VIS spectrophotometer was followed as described in Nano Drop 1000  
Spectrophotometer V3.7, 2008, User‟s Manual (Nano Drop 1000 Spectrophotometer V3.7, 
User‟s Manual, 2008).  
 
Basic Use: The main steps for using the sample retention system are listed below: 
 
1. With the sampling arm open, pipette the sample onto the lower measurement pedestal.  
2. Close the sampling arm an initiate a spectral measurement using the operating software 
on the PC. The sample column is automatically drawn between the upper and lower 
measurement pedestals and the spectral measurement made. 
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3. When the measurement is complete, open the sampling arm and wipe the sample from 
both the upper and lower pedestals using a soft laboratory wipe. Simple wiping prevents 
sample carry over in successive measurements for samples varying by more than 1000 
fold in concentration. 
 
 
3.3.2 Fluorospectrometer experimental procedures: 
 
Procedure of Fluorospectrophotometer was followed as described in Nano Drop 3300 
Fluorospectrometer V2.7,2008 User‟s Manual, (Nano Drop 3300 Fluorospectrometer V2.7 
User‟s Manual, 2008), which is as follows: Before taking the measurements of samples the Nano 
Drop 3300 Fluorospectrometer was “blanked”. Operation A 2.5 μl sample of Retinol is pipetted 
onto the end of the lower measurement pedestal (the receiving fiber). A non-reflective “bushing” 
attached to the arm is then brought into contact with the liquid sample causing the liquid to 
bridge the gap between it and the receiving fiber. The gap, or path-length, is controlled to 1mm. 
following excitation with one of the three LEDs; emitted light from the sample passing through 
the receiving fiber is captured by the spectrophotometer. The Nano Drop 3300 is controlled by 
software run from a PC. All data is logged and archived in a folder at a user defined location. 
 
 Basic Use: The main steps for making a measurement are listed below: 
 
1. With the sampling arm open, pipette the sample into the lower measurement pedestal see no.1 
of figure 3.1. 
 
2. Close the sampling arm and initiate a measurement using the operating software on the PC. 
The sample column is automatically drawn between the upper bushing and the lower 
measurement pedestal and the measurement is made see photo no.2 of figure 3.1. 
 
3. When the measurement is complete, open the sampling arm and wipe the sample from both 
the upper bushing and the lower pedestal using low lint laboratory wipe see photo no.3 of figure 
3.1. 
 
 
 
 
Figure 3.1: Main steps for using the sample fluorospectrophotometer (Nano Drop 3300). 
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3.3.3 FT-IR Spectrometer experimental procedures: 
 
The absorption spectra were obtained in the wave number range of 400–4000 cm-1. A spectrum 
was taken as an average of 60 scans to increase the signal to noise ratio, and the spectral 
resolution was at 4 cm
-1
. The aperture used in this study was 8 mm, since we found that this 
aperture gives best signal to noise ratio. Baseline correction, normalization and peak areas 
calculations were performed for all the spectra by OPUS software. The peak positions were 
determined using the second derivative of the spectra. The infrared spectra of HSA, retinol –
HSA complexes, were obtained in the region of 1000–1800 cm−1. The FT-IR spectrum of free 
HSA was acquired by subtracting the absorption spectrum of the buffer solution from the 
spectrum of the protein solution. For the net interaction effect, the difference spectra {(protein 
and retinol solution) – (protein solution)} were generated using the featureless region of the 
protein solution 1800-2200 cm
–1
 as an internal standard (Surewicz, W., et al  1987). 
 
3.3.3.1 FT-IR data processing: 
FT-IR spectroscopy presents several advantages over conventional dispersive techniques for this 
type of analysis through the application of second derivative, peak picking, spectral subtraction, 
baseline   correction, smoothing integration, curve fitting, and Fourier self-deconvolution. In the 
present study several data processing tasks were used, such as: 
 
3.3.3.1 Baseline correction. 
The baseline correction method applied here includes two steps. The first step is to recognize the 
baseline; this is done by selecting a point from spectral points on the spectrum. Then adding or   
subtracting  intensity value from the point or points to correct the baseline offset. Baseline 
correction task is used to bring the minimum point to zero. This is done automatically using 
Optic User Software (OPUS) and successfully removes most baseline offsets (Griffith, P. & 
Haseth, J. 2007; OPUS Bruker manual , 2004). 
 
3.3.3.2 Peak picking. 
Automated peak picking involves two steps: (1) the recognition of peaks, and (2) the 
determination of the wavenumber values of maximum or minimum absorbance. A threshold 
absorbance value is usually set so that weak bands are not measured (Griffith, P. & Haseth, J. 
2007). 
 
3.3.3.3 Second derivative. 
Increased separation of the overlapping bands can be achieved by calculating the second 
derivative rate of change of slope of the absorption spectrum, second-derivative procedure have 
been successfully applied in the qualitative study of a large number of proteins (Haris , P.I.,  et al 
1999). 
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3.3.3.4 Fourier self-deconvolution. 
The Fourier deconvolution procedure, sometimes referred to as „resolution enhancement‟ is the 
most widely used band narrowing technique in infrared spectroscopy of biological materials 
(Jackson, M., et al  1991). It involves narrowing the widths of infrared bands, allowing increased 
separation of the overlapping components present within the broad band envelope (Kauppinen,  
J. K.,  et al  1981). Both second-derivative and deconvolution procedures have been successfully 
applied in the qualitative study of a large number of protein. (Workman, J., 1998; Kauppinen,  J. 
K.,  et al  1981). In addition to providing valuable information about their secondary structure, 
the method has been shown to be useful for detecting conformational changes arising as a result 
of ligand binding, pH, temperature, organic solvents, detergents, ... etc. In many cases results 
obtained using this approach has been later supported by studies using other techniques such as 
X-ray diffraction and NMR. However, both derivative and deconvolution techniques should be 
applied with care since they amplify the noise significantly (Haris , P. I., et al 1999). 
 
3.3.3.5 Spectral subtraction. 
Difference spectroscopy is another approach that is very useful for investigating subtle   
differences in protein structure. The principle of difference spectroscopy involves the subtraction 
of a protein absorbance spectrum in state A from that of the protein in state B. The resultant 
difference spectrum only shows peaks that are associated with those groups involved in the 
conformational change (Goormaghtigh,  E., et  al  1990; Haris , P. I., et  al 1999). The accuracy 
of this subtraction method is tested using several control samples with the same protein or drug 
concentrations, which resulted into a flat base line formation. 
 
3.3.3.6 Curve fitting. 
The Curve Fit command allows calculating single components in a system of overlapping bands. 
A model consisting of an estimated number of bands and a baseline should be generated before 
the fitting calculation is started. The model can be set up interactively on the display and is 
optimized during the calculation (OPUS Bruker manual, 2004). 
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Chapter Four  
Results and Discussion 
The experimental results are presented as follows: the first section deals with UV-absorption 
spectroscopy. The second section discusses fluorescence spectroscopy results. In the last section  
discusses Fourier transform infrared spectroscopy results.  
 
4.1 UV-absorption spectroscopy 
In this section, I will discuss the results of the absorption spectra of  HSA- retinol mixtures at 
different concentrations of retinol respectively. The excitation has been done on 210 nm and the 
absorption is recorded at 280 nm. The UV absorbance intensity of HSA increased with the 
increasing of retinol concentration as shown in figure 4.1. In addition, the binding of the Retinol 
to HSA resulted in a slight shift of the HSA absorption spectrum. These results clearly indicate 
that an interaction and some complex formation occurred between HSA and retinol separately, 
and also indicate  that the peptide strands of protein molecules extended more upon the addition 
of retinol to HSA (Peng, L., et al  2008; Abu Tair, M., et al  2010).  
 
Figure 4.1: UV-Absorbance spectra of HSA with different molar ratios of retinol, HSA: retinol (a=1:0, b=1:1, c=1:2, d=1:5, 
e=1:10, f=1:20), no UV absorption for retinol. 
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4.1.1 Binding constants of retinol and HSA complexes using UV-VIS Spectrophotometer: 
 
The retinol - HSA complexes binding constants were determined using UV-VIS 
spectrophotometer results according to published method (Stephanos, J., et al 1996; Klotz, M.I., 
et al  1971; Ouameur, A., et al., 2004), by assuming that there is only one type of interaction 
between retinol and HSA in aqueous solution, which leads to establish Equations. (1) and (2) as 
follows: 
 
HSA + Retinol ↔ Retinol: HSA                                                                                         (1) 
 
K = [Retinol: HSA]/ [Retinol][HSA]                                                                                  (2) 
 
 
The absorption data were treated using linear double reciprocal plots based on the following 
equation (Lakowicz, J.R., 2006): 
  
 
    
 
 
     
 
 
        
  
 
 
                                                                       (3) 
 
where A0 corresponds to the initial absorption of protein at 280 nm in the absence of ligand , A∞ 
is the final absorption of the ligated protein, and A is the recorded absorption at different Retinol 
concentrations (L). The double reciprocal plot of 1/(A- A0) vs. 1/L is linear as it shown in Figure 
4.3 and 4.4 and the binding constant (K) can be estimated from the ratio of the intercept to the 
slope to be (1.7176×10
2 
M
-1
) for Retinol - HSA complexes, respectively. The values obtained is 
indicative of a weak Retinol protein interaction with respect to the other Retinol -HSA 
complexes with binding constants in the range of 10
5
 and 10
6
 M
-1
 (Kragh- Hanse, U.,  1981). The 
reason for the low stability of the Retinol -HSA complexes can be attributed to the presence of 
mainly hydrogen bonding interaction between protein and the Retinol polar groups or an indirect 
vitamin - protein interaction through water molecules (Sulkowaska, A., et al  2002). Similar 
weak interactions were observed in cis Pt(NH3)2–HSA and taxol–HSA complexes (Purcell, M., 
et al  2000; Neault, J.F., et al  1998). 
 
  
Figure 4.2: The plot of 1/(A-Ao) vs. 1/L for HSA with different concentrations of retinol 
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4.2 Fluorescence spectroscopy 
 
Fluorescence spectroscopy is another technique that is used widely to study binding between 
protein and ligand. The Fluorescence absorbance intensity of HSA increased with the increasing 
of retinol concentration. Various molecular interactions can decrease the fluorescence intensity 
of a compound such as molecular rearrangements, exited state reactions, energy transfer, ground 
state complex formation, and collisional quenching (Turro,  N.J. 1991; Sheehan, D. 2009). The 
excitation is done on 350 nm and emission occurs at 439 nm. The fluorescence emission spectra 
of HSA with various concentrations of  Retinol (a=1:0, b=1:1, c=1:2, d=1:5, e=1:10, f=1:20) are 
shown in (Fig 4.3). 
 
 
 
Figure 4.3: The fluorescence emission spectra of HSA with various concentrations of Retinol (a=1:0, b=1:1, c=1:2, d=1:5, 
e=1:10, f=1:20) 
 
4.2.1. Determination of Stern-Volmer quenching constants (Ksv) and the quenching rate 
constant (Kq): 
Fluorescence quenching can be induced by different mechanisms that were usually classified into 
static quenching and dynamic quenching. Dynamic quenching arises from collisional encounters 
between the fluorophores and quenchers while static quenching results from the formation of a 
ground state complex between the fluorophores and the quenchers (Turro, N.J. 1991). 
For dynamic quenching, the decrease in fluorescence intensity is described by Stern-Volmer 
equation (Lakowicz, J.R., 2006; Sheehan, D. 2009). 
 
  
 
                                                                                                         (4) 
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Where F and F0 are the fluorescence intensities with and without quencher, Kq is the quenching 
rate constant, Ksv is the Stern-Volmer quenching constant, (L) is the concentration of Retinol, 
and τ0 is the average lifetime of the biomolecule without quencher. 
The Stern-Volmer quenching constants Ksv were obtained by finding the slope of the linear curve 
obtained when plotting  
  
 
  vs (L). The quenching rate constant Kq can be calculated using the 
fluorescence lifetime of HSA to be 10
-8
 s (Cheng, F. Q., et al 2006). 
The plots of  
  
 
  vs [L] for HSA- Retinol complexes are shown in (Fig 4.4). From these plots the 
Stern-Volmer quenching constants for HSA- Retinol complexes were found to be (1.885*10
2
 M).  
The quenching rate constants for  HSA- Retinol were then calculated to be (1.885*10
10
 L Mol
-1
 
s
-1 
). The obtained values of the quenching rate constants  of retinol are equal  the maximum 
dynamic quenching constants for various quenchers with biopolymers (2*10
10
 L Mol
-1
 s
-1
) which 
confirms that static quenching is dominant in these complexes (Wang, T., et al. 2008; Darwish, 
S.M.  et al  2012). 
 
Figure 4.4: The plot of  
  
 
  vs [L] for HSA- Retinol 
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4.2.2. Determination of the binding constants (K) by fluorescence spectroscopy for HAS -
Retinol: 
For static quenching, the following equation is used to determine the binding constant between 
HSA and the drug. 
  
 
    
 = 
 
      
 
 
  
                                                                                                                             (5) 
Where K is the binding constant of drug with HSA. To determine the binding constants of HSA- 
Retinol systems, a plot of  
 
    
  vs  
 
 
  for different Retinol concentrations is made. The plots are 
linear and have a slope of  
 
   
 and intercept  
 
  
 according to the above equation. By taking the 
quotient of the intercept and the slope, the binding constants K(L) can be calculated. 
 
The plot of
 
    
  vs  
 
 
  for HSA- Retinol complexes are shown in (Fig 4.5). The binding constants 
for retinol with HSA have been calculated from the slope and the intercept in (Fig. 4.5) and are 
found to be 1.32* 102 M-1 for HSA- Retinol. 
 
Figure 4.5: The plot of 
 
    
 vs 
 
 
 for HSA- Retinol complexes. 
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4.3 FT-IR Spectroscopy 
 
FT-IR spectroscopy is a good technique for the study of hydrogen bonding (Li, Y., et al  2006), 
and has been identified as one of the few techniques that is established in the determination of 
protein secondary structure at different physiological systems (Sirotkin,V., et al  2001; Surewicz, 
W.K., et al  1993; Arrondo, J., et al 1993). FT-IR    spectroscopy provides information about the 
secondary structure content of   proteins, unlike X-ray crystallography and NMR spectroscopy 
which provide information about the tertiary structure (Kendrew, J., et al 1958). FTIR 
spectroscopy works by shining infrared radiation on a sample and seeing which wavelengths of 
radiation in the infrared region of the spectrum are absorbed by the sample. Each compound has 
a characteristic set of absorption bands in its infrared spectrum. Characteristic bands found in the 
infrared spectra of proteins and polypeptides include the Amide I and Amide II. (Kong, J., & 
Yu,S. 2007; Byler, M., & Susi, H., 1986).Amide I band ranging from 1700 to 1600 cm
-1
 and 
arises principally from the C=O stretching (Vandenbussche, G.,  et al  1992), and has been 
widely accepted to be used (Workman, J., 1998). The amide II band is primarily N-H bending 
with a contribution from C-N stretching vibrations, amide II ranging from 1600 to 1480 cm
-
1
.And amide III band ranging from 1330 to 1220 cm
-1
 which is due to the C-N stretching mode 
coupled to the inplane N - H bending mode.(Goormaghtigh,  E., et al 1990;  Sirotkin, V., et al 
2001). See figure 4.6.  
 
 
Figure 4.6: Sample spectrum showing the three relevant regions for determination of protein secondary structure. Amide I 
(1700-1600 cm-1), amide II (1600-1480 cm-1) and amide III (1330-1220 cm-1) (Vonhoff, S., et al 2010). 
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4.3.1. Peak positions: 
 
The spectra of  second derivative of  HSA free ,where the major spectral absorbance of  amide I 
band at 1657 cm
-1
 (mainly C=O stretch ),and amide II band at 1543 cm
-1
 (C-N stretching coupled 
with N-H bending modes) as shown in Figure 4.7. 
The spectrum of HSA- Retinol mixtures with different percentages of Retinol. It is seen as the 
Retinol ratios  is  increased ,the intensity of  amide I, amide II , amide III was decreased further 
in the spectra of all HSA- Retinol mixtures as shown in Figure 4.8 . The reduction in the 
intensity of three amid bands is related to HSA- Retinol interactions (AbuTair, M., et al  2010).    
 
 
 
Figure 4.7: The spectra of HSA free (second derivative). 
 
Figure 4.8: (a, b, c, d, e, f) Retinol -HSA with ratios (0:1, 1:1, 2:1, 5:1, 10:1, 20:1), respectively. 
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In table (4.1) the peak positions of HSA with different ratios of retinol are listed. For retinol -
HSA interaction the amide bands of HSA infrared spectrum shifted as listed in the table ,  
 
for amide I band the peak positions have shifted as follows: 1617 cm
-1
 to 1618 cm
-1
, 1643 cm
-1
 
to 1647 cm
-1
 , 1656 cm
-1
 to 1659 cm
-1
, 1670 cm
-1
 to 1669 cm
-1
, in addition new peaks have been 
appeared at high molecular ratios of retinol at 1535 cm
-1
 and 1587 cm
-1
, And the peaks at 1693 
cm
-1
 remains unchanged after the interaction. 
 
In amide II the peak positions have shifted as follows: 1501 cm
-1
 to 1503 cm
-1
, 1534 cm
-1
 to 
1538 cm
-1
 , 1560 cm
-1
 to 1559 cm
-1
, 1580 cm
-1
 to 1576 cm
-1
, in addition new peaks have been 
appeared at high molecular ratios of retinol at 1522 cm
-1
 and 1594 cm
-1
.  
 
In amide III region the peak positions are also have been shifted as the following order: 1244 
cm
-1
 to 1243 cm
-1
, 1253 cm
-1
 to 1255 cm
-1
 , 1269 cm
-1
 to 1267 cm
-1
, 1272 cm
-1
 to 1276 cm
-1
, in 
addition new peaks have been appeared at high molecular ratios of retinol at 1329 cm
-1
, And the 
peaks at 1298 cm
-1
 remains unchanged after the interaction. 
 
Shifts in peak shape of certain elements can occur due to difference in chemical bonding, 
between different samples/standards. The shifts in peaks shape of HSA after the interaction with 
retinol has been occurred are due to the changes in protein secondary structure. Those shifts are 
attributed to the newly imposed hydrogen bonding between retinol (on both =O and –OH sites) 
and the protein (AbuTair, M., et al  2010; Sarver, R.W., & Krueger, W.C. 1991).  
 
 
It has been observed for the retinol -HSA complexes in amide I band, that the shift to higher 
frequency for the second peak (1643-1647 cm
-1
) and then for the major peak (1656-1659 cm
-1
). 
 
In amide II the higher shift occurs at the major peak (1534-1538 cm
-1
).  
 
The peak shift in amide III has been observed at (1272-1276 cm
-1
).  
 
 
Hydrogen bonding may affect the bond strength, may have impact on the IR, causing the peak 
shift, larger or smaller. In amide I the observed characteristic band shifts often allow the 
assignment of these bands to peptide groups or to specific amino-acid side-chains. An additional 
advantage is the shift of the strong water absorbance away from the amide I region (1610–1700 
cm
-1
) which is sensitive to protein structure. The minor but reproducible shift indicates that a 
partial unfolding of the protein occurs in HSA, with the retention of a residual native-like 
structure. It has been observed that the shifts in peaks are going toward a higher wave number, 
this implies that the strength of the bond has been increased but with a small percentage 
(Uversky, V.N., et al  2007). 
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Table 4.1: Band assignment in the absorbance spectra of HSA with different Retinol molecular ratios for amide I, amide II, and 
amide III region. 
HSA- Vit.A1 HSA- Vit.A1 HSA- Vit.A1 HSA- Vit.A1 HSA- Vit.A1 HSA Free Bands 
1:20 1:10 1:05 1:02 1:01  
1618 1618 1619 1616  1617 Amide I 
(1600-1700) 1635 1634 1634 1634   
1647 1647 1646 1647 1645 1643 
1659 1657 1658 1658 1657 1656 
1669 1669 1669 1670 1670 1670 
1687 1687 1686 1686   
1693 1693 1693 1693 1693 1693 
1503 1504 1503 1502 1501 1501 Amide II 
(1480-1600) 1522 1523 1523 1522   
1538 1539 1538 1538 1537 1534 
1559 1559 1560 1559 1560 1560 
1576 1576 1574 1576 1580 1580 
1594 1594 1595    
1243 1243 1243 1243 1242 1244 Amide III 
(1220-1330) 
   
1255 1255 1254 1254 1253 1253 
1267 1267 1268 1269 1269 1269 
1276 1276 1276 1274 1272 1272 
1298 1298 1298 1298 1297 1298 
1329 1329 1328 1329   
 
 
 
Figure 4.9: FTIR spectra (top two curves) and difference spectra [(protein solution+ Retinol solution)-(protein solution)] (bottom 
five curves) of the free human serum albumin (HSA) and its Retinol complexes in aqueous solution. 
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4.3.2 Secondary structural changes: 
The Determination of the secondary structure of HSA and its retinol complexes were carried out 
on the basis of the procedure described by Byler and Susi (Byler, M., & Susi, H., 1986). In this 
work a quantitative analysis of the protein secondary structure for the free HSA, and Retinol –
HSA complexes in dehydrated films are determined from the shape of Amide I, II and III bands. 
Baseline correction was carried out in the range of (1700–1600 cm-1), (1600-1480 cm-1), and 
(1330–1220 cm-1) to get amide I, II, and III bands.  
Then Fourier self-deconvolution and second derivative were applied to these three ranges 
respectively to increase spectral resolution and therefore to estimate the number, position and the 
area of each component bands. Based on these parameters curve-fitting process was carried out 
by Opus software (version 5.5) to obtain the best Lorentzian-shaped curves that fit the original 
HSA spectrum. The individual bands are identified with its representative secondary structure, 
and the content of each secondary structure of HSA is calculated by area of their respective 
component bands. The procedure was in general carried out considering only components 
detected by second derivatives and the half widths at half height (HWHH)for the component 
peaks are kept around 5cm
-1
 (Darwish, S.M. et al. 2012).  
The component bands of amide I were attributed according to the well-established assignment 
criterion (Jiang, M., et al, 2004; Ivanov, A. et al 1994). Amide I band ranging from 1610 to 
1700cm
-1
 generally assigned as follows 1610–1624 cm-1 are generally represented to β-sheet, 
1625–1640 cm-1 to random coil, 1646–1671 cm-1 to α-helix, 1672–1787 cm-1 to turn structure, 
and 1689-1700cm
-1
 to β-ant parallel (Lin, S.Y.  2003; Szabo,  Z. et al.1999; Cerf, E. et al. 2009). 
For amide II ranging from 1480 to 1600cm
-1
, the absorption band assigned in the  following 
order: 1488–1504 cm-1 to β-sheet, 1508–1523 cm-1 to random coil, 1528–1560 cm-1 to α-helix, 
1562–1585 cm-1 to turn structure, and 1585-1598cm-1 to β-ant parallel. 
 And for amide III ranging from 1220 to 1330cm
-1
 have been assigned as follows: 1220–1256 
cm
-1
 to β-sheet, 1257–1285 cm-1 to random coil, 1287–1301 cm-1 to turn structure, and 1302–
1329 cm
-1
 to α-helix (Li, H. et al. 2009). 
Most investigations have concentrated on Amide I band assuming higher sensitivity to the 
change of protein secondary structure (Vass,  E.,  et al  1997). However, it has been reported that 
amide II and amide III bands have high information content and could be used for prediction of 
proteins secondary structure (Oberg,  K., et al  2004; Xie,  M., et al  2003; Jiang,  M., et al 2004; 
Liu, Y., et al  2003). 
Based on the above assignments, the percentages of each secondary structure of HSA were 
calculated from the integrated areas of the component bands in Amide I, II, and respectively. 
Where the area of all the component bands assigned to a given conformation is then summed and 
divided by the total area. The obtained number is taken as the proportion of the polypeptide 
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chain in that conformation. The Secondary structure determination for the free HSA and its 
retinol mixture with different retinol concentrations are given in (Table 4.2). The second 
derivative resolution enhancement and curve – fitted Amide I and secondary structure 
determinations of the free human serum albumin (A, B) and its retinol mixture (C, D) with the 
highest concentrations in dehydrated films are shown in (Figure 4.10). It is generally accepted 
that infrared spectra of proteins in films and in solution may display distinct differences, but 
these differences are due to the presence or absence of the water or buffer molecules that imprint 
their mark on the spectra. It has been shown that the structural information content is of the same 
quality in films and in solution with an (error of < 1%) for both systems (Ahmed Ouameur, A., et 
al. 2004). 
In amide I region, the free HSA contained major percentages of: 
-helical (49%). 
- sheet (16%) 
Random coil (10 %). 
β-turn structure (14%). 
Anti-parallel - sheet (11%) 
 
As a result of HSA- Retinol mixture: 
-helical structure reduced from 49% to 32% at 20:1  molecules Retinol to HSA . 
-sheet increased from 16% to 24% at 20:1 molecules Retinol to HSA. 
Random coil increased from 10% to 17% at 20:1 molecules Retinol to HSA. 
-turn structure reduced from 14% to 11% at  20:1 molecules Retinol to HSA. 
Antiparallel -sheet increased from 11% to 16% at 20:1 molecules Retinol to HSA. 
 
In amide II region, the free HSA contained 
-helical (46%).  
-sheet (24%). 
Random coil (10 %). 
-turn structure (9%). 
Anti- sheet (11%) 
 
As a result of HSA- Retinol mixture: 
-helical structure reduced from 46% to 33% at 20:1  molecules Retinol to HSA 
-sheet increased from 24% to 31%  at 20:1  molecules Retinol to HSA  
Random coil increased from 10% to 13%  at 20:1  molecules Retinol to HSA 
-turn structure reduced from 9% to 6%. At 20:1  molecules Retinol to HSA 
Anti -sheet increased from 11% to 17%  at 20:1  molecules Retinol to HSA 
 
In amide III region, HSA free contained: 
-helical (47%) 
-sheet (32%) 
Random coil (10%) 
-turn structure (11%). 
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As a result of HSA – Retinol mixture: 
-helical structure reduced from 47% to 40% at 20:1  molecules Retinol to HSA 
-sheet increased from 32% to 38% at 20:1  molecules Retinol to HSA 
Random coil increased from 10% to 13% at 20:1  molecules Retinol to HSA 
-turn structure decreased from 11% to 8% at 20:1  molecules Retinol to HAS 
 
 
The reduction of α-helix intensity percentage in favor of the increase of β-sheets  percentage are 
believed to be due to the unfolding of the protein in the presence of Retinol as a result of the 
formation of H bonding between HSA and the Retinol mixture. The newly formed H-bonding 
result in the C–N bond assuming partial double bond character due to a flow of electrons from 
the C=O to the C–N bond which decreases the intensity of the original vibrations (Chirgadze, Y., 
et al  1975; Jackson, M., et al 1991). It seems that the H-bonding affects more of the original 
bonding in α- helix than in β-sheets depending on the accessibility of the solvent and on 
propensities of α- helix and β-sheets of the HSA (Parker,  S., 1983), as discussed in chapter two the 
hydrogen bonds in α-helix are formed inside the helix and parallel to the helix axis, while for β-
sheet the hydrogen bonds take position in the planes of β-sheets as the preferred orientations 
especially in the anti-parallel sheets, so the restrictions on the formation of hydrogen bonds in β-
sheet relative to the case in α helix explains the larger effect on reducing the intensity percentage 
of α-helix to that of β-sheet (Darwish, S. M., et al  2010;  Holzbaur, I., et al 1996; Zhang, W., et al 
1999). Similar conformational transitions from a α-helix to β-sheet structure were observed for 
the protein unfolding upon protonation and heat denaturation (Beauchemin, R., et al, 2007; 
Surewicz, W.K., et al 1993 ; Holzbaur, I.,  et al 1996; Parker, S., 1983). These results indicate 
Retinol interact with HSA through C=O and C-N groups in the HSA polypeptides. The Retinol –
HSA mixture caused the rearrangement of the polypeptide carbonyl hydrogen bonding network 
and finally the reduction of the protein α-helical structure. 
 
 
Table ‎0.2: Secondary structure determination for the free HSA and its Retinol mixture  for amide I , amide II , amide III. 
2 
nd 
 Structure        HSA 
Free  
HSA-
V.A1   
HSA- 
V.A1   
HSA- 
V.A1   
HSA- 
V.A1   
HSA- 
V.A1   
    (%) 1:1 (%) 1:2 (%) 1:5 (%) 1:10 (%) 1:20(%) 
      Amide I     
β- sheets (cm-2) 16 19 14 18 19 24 
(1610-1624)             
Random (cm
-2
) 10 14 15 17 16 17 
(1625-1640)             
α- hilex (cm-2) 49 43 41 39 35 32 
(1646-1671)             
Turn   (cm
-2
) 14 11 13 11 13 11 
(1672-1687)             
Anti β- sheets (cm-2) 11 13 17 15 17 16 
(1689-1700)         
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      Amide II     
β- sheets (cm-2) 24 28 26 29 30 31 
(1488-1504)             
Random (cm
-2
) 10 13 15 13 12 13 
(1508-1523)             
α- hilex (cm-2) 46 38 34 32 33 33 
(1528-1560)             
Turn   (cm
-2
) 9 8 9 8 7 6 
(1562-1585)             
Anti β- sheets (cm-2) 11 13 16 18 18 17 
(1585-1598)             
    Amide III     
β- sheets (cm-2) 32 37 35 38 39 38 
(1220-1256)             
Random (cm
-2
) 10 15 15 14 13 13 
(1257-1285)             
Turn   (cm
-2
) 11 11 11 10 10 8 
(1287-1301)             
α- hilex (cm-2) 47 37 39 38 38 40 
(1302-1329)             
 
 
Figure 4.10 Second-derivative enhancement and curve-fitted Amide I region (1600-1700 cm-1) and secondary structure 
determination of the free human serum albumin ( A and B) and its Retinol mixture( C and D) with 20: Retinol: HSA ratios. 
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Chapter Five 
Conclusions and future work 
 
 
In this work, the interaction between Retinol (vitamin A1) and HSA Albumin (the universal 
hydrophobic molecule carrier) has been investigated using spectroscopic techniques, including 
(FT-IR, Fluorescence and UV-VIS spectrophotometers). Our experimental work showed 
relatively high binding affinity between Retinol and HSA. Referring to UV spectrum, the 
calculated binding constant for Retinol - HSA is (K= 1.717×10
2 
M
-1
). The analysis of 
fluorescence spectrum yield binding constant for Retinol -HSA interaction, it has been measured 
to be (K=1.32×10
2
 M
-1
). The binding constant obtained by different methods has very close 
values. The value of Stern-Volmer quenching constant and quenching rate constant for Retinol 
have been measured to be ( Ksv= 1.885×10
2
 M
 
, Kq= 1.885×10
10
 L Mol
-1
s
-1
). These 
experimental results show that static quenching is responsible for the fluorescence quenching 
(decrease of intensity).This is an indication for complex formation between the protein and 
Retinol. 
 
Analysis of FT-IR spectrum indicate that increasing the concentration of Retinol lead to the 
unfolding of protein, decreasing the percentage of the α-helical structure in favor of β-sheet 
structure (Uversky, V.N., et al . 2007). Beside that it can be inferred that the binding forces 
which are involved in the binding process includes hydrophobic interactions. The newly formed 
H-bonding result in the C–N bond assuming partial double bond character due to a flow of 
electrons from the C=O to the C–N bond which decreases the intensity of the original vibrations 
Sarver, R.W., et al 1991). 
 
 
The binding study of Retinol with HSA is of great importance in pharmacy, pharmacology and 
biochemistry. This research can supply some important information to clinical research and 
provide the theoretical basis for new Retinol designing. Therefore, this research need further 
studies to be a useful guide for synthesis of efficient Retinol such as the determinations of 
binding sites, binding location, and thermodynamic parameters (enthalpy ,free energy ,entropy) 
at different temperatures to deduce the type of the acting force for the binding reaction between 
Retinol and HSA.   
                                         
Further investigations are recommended  to be held in the field of temperature effect upon 
Retinol -Human serum interaction, and how does the protein structure will differ with 
temperature change.   
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 .الجسيئبت هطيبفة تقنيبت بواسطة الذم بلازهب في النبقل البروتيي الالبوهبيي رتينول  على تأثير دراسة
 
 .درابيعرزق سلوبى  : الطبلب اسن
 
 .طير ابو هوسى دكتور .الاستبر الوشرف اسن
 الولخص
 
إٌ رٕصٌع ٔعًهٍبد الأٌط نكضٍش يٍ انعُبصش انجٍٕنٕجٍخ فً انجسى سٕاء كبَذ أيصبل أٔ يُزجبد ؼجٍعٍخ، يشرجؽخ ثمذسح ْزِ 
ثشٔرٍٍ انذو انجششي نّ . إرا دساسخ اسرجػ يضم ْزِ انجضٌئبد يع  )ASH(انعُبصش عهى الاسرجبغ يع ثشٔرٍٍ انذو انجششي 
  لٍذ )ASH( انجششي انذو ثشٔرٍٍ ٔ )1A فٍزبيٍٍ( انشٌزٍُٕل نزفبعلاد يخزهفخ جٕاَت يٍ ٔاسعخ دساسبدٔرٕجذ  ,أًٍْخ أسبسٍخ
) ASH( انجششي انذو ثشٔرٍٍ ٔ انشٌزٍُٕل ثٍٍ انزفبعم يٍ انزحمك رى. انذساسخ ْزِ فً. انسشٌشٌخ نهعًهٍبد أًٍْزٓب ثسجت انزمذو
 الاشعبع اَجعبس ٔجٓبص)  retemotohportcepS SIV -VU( انجُفسجٍخ فٕق الأشعخ يؽٍبف جٓبص ثبسزخذاو
  انزشاثػ صبثذ ٔ) RI-TF( انحًشاء رحذ نلأشعخ فٕسٌٍش رحٌٕم يؽٍبف ٔجٓبص) ypocsortceps ecnecseroulF(
 ).erutcurts yradnoces nietorp( انضبٌَٕخ انجشٔرٍٍ ثٍُخ عهى ٔاَصبس) tnatsnoC gnidniB(
 ٍع ) ASH( انجششي انذو ثشٔرٍٍ ٔ )1A فٍزبيٍٍ( انشٌزٍُٕل ثٍٍ )tnatsnoC gnidniB(  انزشاثػ صبثذ لًٍخ حسبة رى
ٔٔجذد    )K392(انغشفخ اَجعبس الاشعبع عُذ دسجخ حشاسح يؽٍبف ٔجٓبص انجُفسجٍخ فٕق الأشعخ يؽٍبف جٓبص ؼشٌك
  صبثذٔ )remloV-nretS( عهى انزٕانً, ثبلاظبفخ انى رنك رى حسبة صبثذ 1-M201×23.1(ٔ ( )1-M201×717.1( كبنزبنً:
  انجُفسجٍخ فٕق الأشعخ يؽٍبف جٓبص أظٓش.)1-s 1-loM L 0101*588.1( ٔ  )1-M L201*588.1(: )etar gnihcneuq(
 يع ،) ASH( انجششي انذو ثشٔرٍٍ ىنا)1A فٍزبيٍٍ( انشٌزٍُٕل يٍ انجضٌئٍخ انُست صٌبدح يع الايزصبص كضبفخ فً صٌبدح اٌ
 َزٍجخ انًُجعش الاشعبع شذح أٌ ٔجذ الاشعبع اَجعبس جٓبص اسزخذاو خلال ٔيٍ.صبثذ) ASH( انجششي انذو ثشٔرٍٍ رشكٍض ثمبء
 رشكٍض ثمبء يع) 1A فٍزبيٍٍ( انشٌزٍُٕل رشكٍض ثضٌبدح رضداد )ASH( انجششي انذو ثشٔرٍٍ يع) 1A فٍزبيٍٍ( انشٌزٍُٕل رفبعم
 لٌٕخ لذسح نذٌّ) 1A فٍزبيٍٍ( انشٌزٍُٕل إنى ٌشٍش شعانًُج الإشعبع شذح فً الاَخفبض ْزا أٌ حٍش ,صبثذ )ASH( انجشٔرٍٍ
 ).gnihcneuq citats( انٍخ خلال يٍ) ASH( انجششي انذو ثشٔرٍٍ يٍ رارٍب انًُجعش الإشعبع يٍ انزمهٍم أ خفط عهى
  )noitulovnoced-fleS reiruoF(يع رؽجٍك رمٍُخ ) RI-TF(نلأشعخ رحذ انحًشاء  ثبسزخذاو جٓبص يؽٍبف رحٌٕم فٕسٌٍش
فً ثشٔرٍٍ انذو  3ٔ أيٍذ 2ٔ أيٍذ 1رى رحهٍم يُبؼك أيٍذ )  gnittif evruc( ٔرمٍُخ )noituloser evitavireD dnoceS(  ٔ
ٔانٍخ اسرجبغ سرٍُٕل يع ثشٔرٍٍ انذو، نمذ نٕحظ أَّ يع   )erutcurtS yradnoceS(انجششي نزحذٌذ ثٍُخ انجشٔرٍٍ انضبٌَٕخ 
 .رمم  )sdnab noitprosbA(صٌبدح رشاكٍض سرٍُٕل  إنى ثشٔرٍٍ انذو فإٌ شذح حضو الايزصبص 
رى رحذٌذْب عُذ عذح َست يٍ سرٍُٕل ثبنًمبسَخ يع ثشٔرٍٍ انذو انجششي. إظبفخ إنى رنك   )skaeP(أٌعب جًٍع يٕالع انمًى  
ٍف انًمبط ثٕاسؽخ جٓبص يؽٍبف رحٕثم فٕسٌٍش نلأشعخ رحذ انحًشاء أٌ انجٍُخ انضبٌَٕخ نجشٔرٍٍ انذو انجششي، أظٓش انؽ
ثبنًمبسَخ يع  )xileh-α(رغٍشد َزٍجخ إظبفخ َست يٍ سرٍُٕل ، انزي ظٓش فً اَخفبض فً شذح حضو الايزصبص انًًضهخ ل 
-H(خزلاف فً انشذح ٌشجع انى ركٌٍٕ انشٔاثػ انٍٓذسٔجٍٍُخ ، ْزا انزجبٌٍ ٔالا)steehs-β(حضو الايزصبص انًًضهخ ل 
 نزكٌٍٕ ْزِ انشٔاثػ. )steehs-β(ٔ   )xileh-α(فً انجضٌئبد انًعمذح، ْٕٔ يب ٌفسش انًٍٕل انزارً نكم يٍ  )gnidnob
 
